The aim of the study is to indicate the need for variability in the presentation of clinical pathways, in various phases of their implementation, and to define the forms of presentation of clinical pathways required by physicians in both the Hospital Information Systems (HIS) and Electronic Medical Records (EMR) Systems, as well as the determinants of the selection of the forms of description, in relation to the performed medical actions. The results of the study are a significant lead-in towards further research on the required form of the user interface in systems supporting dynamic business process management (dynamic BPM). The research is a pilot of a survey study, conducted to ascertain the usefulness and feasibility of the adopted methodology, for a wider project on the determinants of the form of description of clinical pathways. An exploratory pilot survey, in a large multi-specialization hospital in Poland, was conducted. The survey sample consisted of 28 purposely selected heads of all hospital departments, and the medical team of the pediatric ward. Descriptive analysis was carried out on the data collected. The results of the study have unambiguously supported the claim that physicians require the form of presentation of clinical pathways to change, depending on the particular phase of the diagnostic-therapeutic process, as well as establishing the main determinants thereof. This pilot study is one of the first attempts to establish the factors determining the choice of clinical pathway presentation in HIS/EMR systems. While not conclusively decisive in terms of the forms of presentation or the determinants of their choice, it indicates the directions of further research, both from the point of view of ergonomics and the usability of HIS/EMR systems, as well as the management of medical knowledge, as part of the dynamic management of clinical pathways.
Introduction
Modern management offers a broad range of methodologies, tools, and technologies which facilitate ongoing operations and raise the efficiency of the decision-making process and performed actions [1] [2] [3] [4] [5] . Such solutions are increasingly used, more often and more broadly, in the field of healthcare. Their implementation results in raising the efficiency and quality of the performance of diagnostic and therapeutic processes, their cost optimization, time reduction, and reduction of used resources [6] [7] [8] [9] [10] . Due to their dynamic character, and often their unpredictable nature, this necessitates the synthesis of what would seem to be mutually exclusive requirements-administration and supervision priorities, as well as physicians' requirements (Table 1) . Table 1 .
Examples of mutually exclusive expectations for the descriptions of diagnostictherapeutic processes.
Administration and Supervision Priorities Physicians' Requirements (Expectations)
The standardization of diagnostic and therapeutic processes on the basis of acquired knowledge.
Adapting such processes to the situation at hand and obtaining new knowledge from each subsequent performance.
Planning and strict control over performance. Empowering physicians to make independent clinical decisions.
Cost optimization of the performed processes.
Allowing for the accommodation of a given performance to the needs of the individual patient.
One of the ways of achieving the aforementioned goals is the use of process management in healthcare [9, 11, 12] . The initial phase usually consists of attempts at describing patient treatment from a process-based perspective. This is achieved through the identification of diagnostic and therapeutic processes called clinical pathways (CPs), which are, in essence, the standard procedure in a given healthcare unit. Unfortunately, in most cases, the use of process management in healthcare is limited to preparing diagrams with models of CPs. This goes against the principles of process management, which stresses the importance of performing comprehensive actions, which would harmonically combine management philosophy, methodologies, and process management tools [13, 14] with the aim of directing processes toward a shared, comprehensive goal (in order to avoid sub-optimization), engaging, and making responsible, all of the participants in the process, and the ongoing optimization of processes. In effect, when implementing process management in healthcare, one should not forget that:
• It is the patient, not the disease, who is being treated; • The treatment process should include the patient and their closest relatives; • Different clinical and extra-clinical pathways (management, support, logistics, and others) should comprise a cohesive system; • Clinical pathways should be reflected in IT systems, used on an ongoing basis by physicians and other relevant personnel.
Another goal that is tied to performing processes in healthcare is the management of knowledge used in planning treatments and treating patients. From this perspective, CPs should perform the role of a repository of knowledge and a model against which both current and new knowledge from patient treatment is verified [12] .
The preparation of CP models is an essential part, albeit just one of multiple parts, of implementing process management in healthcare. We cannot expect measurable results if the identification of CPs marks the end of the entire implementation. It is essential to ensure that the knowledge contained in CPS be accessible in the course of treatment, and that clinical decisions and therapeutic steps be freely made on an ongoing basis, as well as to ensure that the results of using existing knowledge (steps in accordance with the standard clinical pathway) and the creation of new knowledge (steps deviating from the standard clinical pathway) are analyzed and evaluated [15] . In terms of the Hospital Information Systems (HIS) and Electronic Medical Records (EMR) systems supporting physicians, this requires the transparency of the form of presentation of knowledge, including by the patient's bedside, as well as the ergonomic, simple form of inputting information and observations on an ongoing basis by the physicians. The reason for conducting the research presented in the article is the gap between detailed modeling of CPs, and the possibility of their use and enrichment, limited by the failure to include in the HIS and EMR Systems, the possibility of presenting or entering data in a manner consistent with the physicians' requirements, and hence dependent on the implementation phase of CPs.
This paper contributes to the literature on the adoption of business process management (BPM) in healthcare organizations. As noted by González Sánchez et al. [16] , while BPM in healthcare has only been used in the last two decades, it has been proven, however, that "this structured approach to clinical work can lead to relevant cost reductions and better outcomes, but most of all, can provide leverage for clinical process control, as well as the possibility to study the gaps between standard protocols and specific clinical complexities" [17] . For example, the study of the use of BPM in the management of kidney transplantation provided genuine benefits in terms of resources optimization and quality improvement. The percentage of time saved by using the new method was just short of 60%, laboratory time reduction was nearly 40%, time reduction with respect to planning subsequent admissions was 100%, and time reduction with respect to communicating plans to the stakeholders within the department was 70%. This study also proved that there was a reduction of human errors due to the automatic management of admission appointments and the associated protocols and automatic e-mail planning for the nurses. This means that the quality of data and the reliability of the pathway planning have been improved [17, 18] .
Structurally, this article is organized as follows: first, the related works section will provide an overview of process management and a clinical pathway in general, along with a process-based approach to describing CPs. The second part outlines the methodology employed in this study and the justification of the sample. The research results are presented next in the Results and Discussion sections. Finally, the authors conclude with a summary of findings, limitations of the study, and some ideas for future research.
Related Works
The aim of the section is to define the conceptual framework of the study, as well as the principles of adopting process-centered methodologies in the field of healthcare.
Business Processes
The concept of processes and process management itself stems from production management [19] . Initially, processes were understood as sequences of actions that needed to be performed in accordance with a pre-defined description (production manual, procedure, rules and regulations, models, algorithms), with a view to achieving an expected result (product). Most definitions of a traditional business process refer to the following characteristics: predictable and definable inputs; a linear, logical sequence or flow; a set of clearly definable and inter-related activities; predictable and desired outputs [13, 20] . Palmberg [21] also adds: horizontal or cross-functional; performed with the use of resources; repeatable, and adding value for customers and stakeholders.
The aim of traditional process management was to design and implement, in production, the optimized (or best) process out of the processes available at hand, and subsequently, to monitor whether work is going according to plan [22, 23] . Processes were designed, executed, and periodically improved on the basis of the knowledge of the designer or the design team instead of the knowledge of the process performers, available in the design phase, instead of in the course of execution itself. This approach is only feasible when the process does not undergo changes or changes in periods which are much longer than the length of execution. Such processes include processes defined by law like accounting or financial ones; internal processes defined by organizations (e.g., settlement of invoices, acceptance of holidays); production processes highly adapted to objective external criteria (e.g., biological and chemical), or held patents and licenses.
This approach was, and still remains, justified in the case of processes, for which it is reasonable to detach process evaluation and design (thinking) from execution itself (doing). This is logical, as, for instance, it is impossible for each car engine to have a different piston diameter, or for each accountant to make use of creative bookkeeping principles. The type of managed processes (repeatable production processes) and the main requirements (ensuring constant product quality) have determined the form of description and management. However, with the accelerating pace of changes to products and services, the understanding and definition of the process have begun to change as well. In accordance with the works of Michael Porter [24] on the value chain (1985) , it was accepted that business processes encompass not just the production phase, but the entire operations of an organization, including service-oriented organizations. This, in turn, has resulted in changing the approach to the business process. It has been noted that business processes often pertain to co-ordination with a view to achieving goals, rather than to a pre-defined and strict definition of a sequence of tasks, which need to be accomplished [13, [25] [26] [27] . In the case of service-oriented processes, it is often particularly hard to describe, and then expect adherence to a detailed performance of tasks, pre-defined in the form of a procedure, or rules and regulations. As the expectations, habits, or the limitations of the clients or the context of a specific performance differ in each circumstance, or are even mutually exclusive, the key to success is not to execute an optimal or 'ideal' process developed in the course of an-e.g., periodic organizational Continuous Process Improvement (CPI)-but rather, to competently and dynamically shape business processes, in accordance with client expectations, and the specific context of performance, by taking account of the tacit knowledge of the process performers themselves. Depending on the type of the process, this may require the empowerment of the process performers to undertake ad hoc actions in the course of performance itself, within a pre-defined process structure, or simply structuring only pre-defined fragments or fundamental milestones of process performance [27, 28] .
The implementation of dynamic BPM should be performed in such a manner that the execution of a process will match its documentation, including the documentation of all changes and innovations [29, 30] . Based on the Kemsley research [31] , due to the dynamics of implementation processes, can be divided into ( Figure 1 ):
• Structured (static, predictable, repetitive) processes-as described above, processes which can be described in detail, in advance, and optimized, due to the pre-defined conditions of all decisions taken at the time of implementation; • Semi-structured processes, further divided into:
• Structured processes with ad hoc exceptions-processes for which detailed description is possible before the commencement of implementation, and determination of decisions, as a result of which, ad hoc individual tasks not provided for in the process description, can be realized.
•
Unstructured processes with pre-defined fragments-processes, for which it is possible, to clearly define goals and the roles of participants, and to describe in detail, the fragments, with which implementation must comply, within the imposed standards.
• Unstructured (unpredictable) processes, where it is possible to define the aims of the process, but is impossible to define as a priority, the exact steps to be taken, in order to successfully execute the process. the approach to the business process. It has been noted that business processes often pertain to coordination with a view to achieving goals, rather than to a pre-defined and strict definition of a sequence of tasks, which need to be accomplished [13, [25] [26] [27] . In the case of service-oriented processes, it is often particularly hard to describe, and then expect adherence to a detailed performance of tasks, pre-defined in the form of a procedure, or rules and regulations. As the expectations, habits, or the limitations of the clients or the context of a specific performance differ in each circumstance, or are even mutually exclusive, the key to success is not to execute an optimal or 'ideal' process developed in the course of an-e.g., periodic organizational Continuous Process Improvement (CPI)-but rather, to competently and dynamically shape business processes, in accordance with client expectations, and the specific context of performance, by taking account of the tacit knowledge of the process performers themselves. Depending on the type of the process, this may require the empowerment of the process performers to undertake ad hoc actions in the course of performance itself, within a pre-defined process structure, or simply structuring only pre-defined fragments or fundamental milestones of process performance [27, 28] .
• Structured (static, predictable, repetitive) processes-as described above, processes which can be described in detail, in advance, and optimized, due to the pre-defined conditions of all decisions taken at the time of implementation;
• Semi-structured processes, further divided into:
• Unstructured processes with pre-defined fragments-processes, for which it is possible, to clearly define goals and the roles of participants, and to describe in detail, the fragments, with which implementation must comply, within the imposed standards.
• Unstructured (unpredictable) processes, where it is possible to define the aims of the process, but is impossible to define as a priority, the exact steps to be taken, in order to successfully execute the process.
In each case, this requires empowering employees to introduce adaptations to the process in the course of the performance, in accordance with their level of privileges, and their entire body of knowledge, not just explicit knowledge [32] . [12, 27, 31] . BPM: business process management.
The definition of a business process cannot be limited to a business process understood as a predefined sequence of actions [29, 33] . It must be naturally expanded to encompass processes, the course of which cannot be foreseen in detail, for which only goals, indicators, available resources, or other [12, 27, 31] . BPM: business process management.
In each case, this requires empowering employees to introduce adaptations to the process in the course of the performance, in accordance with their level of privileges, and their entire body of knowledge, not just explicit knowledge [32] .
The definition of a business process cannot be limited to a business process understood as a pre-defined sequence of actions [29, 33] . It must be naturally expanded to encompass processes, the course of which cannot be foreseen in detail, for which only goals, indicators, available resources, or other attributes can be defined [34] . This requires the de facto extension of traditional, static process management, with a view to managing unstructured or semi-structured processes. One proposal of such an extension is dynamic BPM, understood as an extension of traditional process management, which empowers process performers to introduce dynamic adaptations to the requirements of a specific performance in the course of the actual performance in accordance with the following three principles [35] :
• The first principle: comprehensiveness and continuity; • The second principle: process execution should guarantee evolutionary flexibility; • The third principle: processes are considered completed, only after having been documented.
The first principle assumes that management, in accordance with dynamic BPM, is a holistic approach, which must be centered on the overall goal of the process, from the perspective of the client (e.g., improving or maintaining the patient's health, not just curing a specific disease). The second principle assumes that in order to achieve this goal, process performers must be allowed to make use of their entire body of knowledge and their dynamism, including being able to dynamically adapt the performed process to the context of a specific performance, in accordance with their level of privileges. The third principle assumes that the implementation of dynamic BPM should be performed in such a way as to ensure that processes are considered completed only after having been documented, including the documentation of all introduced changes and improvements [29, 30, 35] . As highlighted by Czekaj [36] , "Dynamic business process management is not just an extension of the classical concept of process management, but also an attempt to harmonise process management with the concept of the learning organisation. This is achieved through the ongoing verification of acquired knowledge, with respect to the needs of the clients by numerous process performers, which leads to the gradual accumulation and proliferation of such knowledge". In the case of dynamic BPM, it is the knowledge of the process performers which determines the execution of a process in a specific context. One particular type of dynamically managed processes are knowledge-intensive business processes (kiBP), which are capable of generating expected value only by using the knowledge of the process performers themselves, performing inter-related tasks requiring the making of decisions on the basis of their entire knowledge, both tacit and explicit [37, 38] .
Due to the nature of diagnostic and therapeutic processes, it is impossible to describe, execute, and perform ex-post evaluation thereof, in accordance with the principles of traditional BPM [12, 35, 39] . For this reason, such processes were initially managed not on the basis of process-centered tools and methodologies, but tools and methodologies derived from case management. They enabled the management of unstructured processes, for which it was impossible to prepare a detailed process pattern. They allowed the definition of actions which may be performed depending on the decisions of the knowledge worker executing the process, and enabled the collection of information on process performance [28, 40] . For this reason, one of the initial names of plans for diagnostic and therapeutic processes was "case management plans" [41] . Even as recently as in 2012, it was still broadly believed that dynamic (unstructured, unpredictable, ad hoc) processes, including diagnostic-therapeutic processes, could not be modeled at all, which also means they cannot be managed [27] . It is only following the extension of traditional process management to dynamic BPM, that it became possible to manage unstructured processes, or even processes which are completely unpredictable [27, 42] . This has allowed us to bridge the artificial gap between case management and process management [35] . When adopted in healthcare, dynamic BPM allows for the preparation of process descriptions for diagnostic-therapeutic processes, the support of their performance, and the collection of data on the actual course of the treatment, as well as allows for the analysis of variances of the standard clinical pathway, at any point in its course [34] . In accordance with the first principle, dynamic BPM still requires an efficient, structured format for recording key clinical data in case notes [15, 43] , which are CPs.
Clinical Pathways as Processes
Clinical pathways (CPs), initially named case management plans-and also known as care pathways, critical pathways, integrated care pathways, coordinated care pathways, care maps, or anticipated recovery pathways-are all forms of a term with a definition, which is still in the process of being formulated. De Bleser [44] notes that a total of 84 different definitions of pathways have been described and used in publications [8, 15, 39, [45] [46] [47] . The European Pathway Association (EPA) defines a care pathway as a complex intervention for mutual decision making and organization of care processes for a well-defined group of patients, during a well-defined period [48] [49] [50] . With regard to the above-mentioned definition of a process, a "clinical pathway" should be understood as a dynamically managed diagnostic-therapeutic process describing the inter-related decisions and actions made and undertaken with a view to improving or maintaining the health of the patient. The aim of a CP is to enhance the quality of care measured by improving risk-adjusted patient outcomes, promoting patient safety, increasing patient satisfaction, and optimizing the use of resources [50] . According to Wolff et al. [51] , critical success factors (CSFs) contributing to successful development and implementation of the clinical pathway include, among others: Not only are pathways a document in the patient's record, but also a way to organize and standardize multi-disciplinary care for patient groups, using well-known quality improvement methods [47, 52] . CPs do not only take the form of a diagram or a description of a planned treatment (e.g., an Individual Treatment Plan-ITP), but ideally, the integrated care pathway should incorporate medical notes, together with care plans of doctors, nursing staff, and of professionals allied to medicine [15] . Reports of the Joint Commission on Accreditation of Health Care Organizations [53] show that 70% of medical errors are caused by a lack of proper communication between team members. In effect, the form of presentation for CPs should be tailored to the transparent exchange of information between different members of inter-disciplinary teams responsible for patient treatment, in different phases of the planned treatment process, as well as to the ongoing entry of data on the treatment and its modifications [12] .
However, as the schematic diagram in Figure 2 demonstrates, the preparation of a CP in the form of an Individual Treatment Plan (ITP) cannot be detached from the broader process of distributing and updating medical knowledge. The actual beginning of the creation of a CP rests in the preparation of international or national guidelines on the treatment of specific diseases (first level CPs) by teams of experts on the basis of current medical knowledge. On this basis, with limitations in mind, with respect to available hardware and material resources, as well as the knowledge and skills of the medical staff, particular healthcare units then prepare binding clinical pathways (second level CPs). Only on this basis do physicians prepare third level CPs for individual patients, in the form of ITPs [54] . When implemented in systems supporting the work of physicians and other medical personnel (e.g., HIS or EMR), these plans allow for the presentation of the planned and performed treatment, and, first and foremost, the entry of current data on patient treatment, including ITP adaptations and upgrades, in accordance with the requirements of a specific treatment. The analysis of data collected in the course of a clinical pathway, enables constant improvements, with respect to the efficiency and quality, as well as the economic efficiency of the treatments [43, 47, 55, 56] . As the dashed green lines on Figure 3 indicate, it also allows for the constant improvement of first and second level CPs.
methods [47, 52] . CPs do not only take the form of a diagram or a description of a planned treatment (e.g., an Individual Treatment Plan-ITP), but ideally, the integrated care pathway should incorporate medical notes, together with care plans of doctors, nursing staff, and of professionals allied to medicine [15] .
information between different members of inter-disciplinary teams responsible for patient treatment, in different phases of the planned treatment process, as well as to the ongoing entry of data on the treatment and its modifications [12] . In effect, CPs perform the function of not just dynamically managed diagnostic-therapeutic processes, but at the same time are a crucial element of the distribution, verification, collection, and creation of new medical knowledge. The distribution of knowledge is of particular significance, and for this reason, it should encompass all of the members of the diagnostic-therapeutic process. In effect, apart from CPs dedicated to physicians and medical personnel, particular focus should be given to the development of CPs dedicated to [45, 49] :
• Patients and their closest relatives, • Students of medicine and inexperienced doctors making first steps in a given speciality.
Thanks to new technologies from the fields of IT and robotics, such as process mining, machine learning, artificial intelligence, and predictive analytics, in accordance with the third principle of dynamic BPM, it should be possible to document processes in the course of the performance, itself, without the necessity of burdening doctors with additional work. However, this requires the HIS/EMR systems supporting the work of physicians and the remaining medical personnel to meet the following three conditions:
Presenting the planned and performed CPs in a way that is tailored to the requirements of the performers; 2.
Possibility to present and enter data in the place where the clinical pathway is being executed, that is, at the patient's bedside, in a clinic, ER, ambulance, or even in the patient's home; 3.
An ergonomic approach to data entry, which is cognizant of the limitations faced at each specific phase of the process, with the use of robotic process automation and elements of artificial intelligence, such as voice recognition, image recognition, and recognition of handwriting.
As early as in 1989, Campbell [15] suggested that integrated care pathways, so far largely hospital-based, will continue to develop and be extended into primary care, rehabilitation,
and community settings. At present, within the concept of coordinated care there is often a return to attempts at a comprehensive description of CPs as an integrated treatment, planned and performed from the point of view of the patient's care, not just a particular CP for one isolated healthcare unit [57] .
Analysis of Existing Forms of Describing Clinical Pathways
As highlighted by Cheah [58] , CPs are multidisciplinary care plans used by healthcare professionals as a guide to concurrently plan, coordinate, deliver, monitor, document, and review care. CPs are continuously updated and reviewed (by a group of physicians, nurses, and other health professionals) becoming a method for evaluating the care provided and important component of continuous quality improvement (CQI) in clinical practice. As the consequence of this multidisciplinary and dynamic nature of the diagnostic and therapeutic processes, it is impossible to define and use CPs in the form of a treatment algorithm, the performance of which would guarantee patient recovery. What is more, the execution of CPs highly dependents not only on the existing body of medical knowledge, but also on available resources and specific case data. As argued by Yao and Kumar [59] , physicians with different skill sets and fields of expertise may offer differing care plans to the same patient. Additionally, as physicians handle a lot of cases each day, they are prone to making mistakes in performing procedures and making diagnoses [59] . Thus, the formal description of CP models adopted to the phases of their implementation would minimize the likelihood of the mistakes and optimize the work of the health professionals.
Having said that, it should be noticed that the lack of a unified standard of description for CPs results in severe problems with ongoing cooperation and dissemination of knowledge between different healthcare units. The problems arise not only due to the large number of different forms of description for CPs, but also the variability in the detail of description. In consequence, transparency and the ease of exchanging and using CPs resulting therefrom, are minuscule, due to the form of presentation. Furthermore, a considerable number of clinical pathway descriptions contain elements from local document templates, which enable the user to enter performance data (drop down fields, input fields with patient data, confirmation of performance, results of medical procedures, etc.). This has resulted in further complication, which in turn, has led to a severe lack of transparency of the clinical pathway documents (Figure 3 is a good example) .
At the same time, this approach limited the functionality of CPs to very elaborate ITPs for specific patients (third level clinical pathway), and their recipients, to physicians, sometimes including other medical personnel involved in the treatment process. This form makes it practically impossible to use CPs to facilitate communication between the patient and their closest relatives, or to facilitate education. It also hinders the use of CPs to disseminate and verify medical knowledge, by and between, different healthcare units. The lack of unified rules of description means that the evaluation of each clinical pathway must inevitably start with trying to get to terms with the specific "notation" itself, which has been used in each particular context [59] .
With the increasing adaptation of artificial intelligence and medical robots, it is becoming increasingly more common for descriptions of elements of CPs to include algorithms and programs dedicated thereto. At the same time, CPs are increasingly becoming the primary source of data for devices that support the physician and other medical personnel such as mobile application, virtual assistant [12, 61] . At the same time, this approach limited the functionality of CPs to very elaborate ITPs for specific patients (third level clinical pathway), and their recipients, to physicians, sometimes including other medical personnel involved in the treatment process. This form makes it practically impossible to use CPs to facilitate communication between the patient and their closest relatives, or to facilitate education. It also hinders the use of CPs to disseminate and verify medical knowledge, by and between, different healthcare units. The lack of unified rules of description means that the evaluation of each clinical pathway must inevitably start with trying to get to terms with the specific "notation" itself, which has been used in each particular context [59] .
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With the increasing adaptation of artificial intelligence and medical robots, it is becoming increasingly more common for descriptions of elements of CPs to include algorithms and programs dedicated thereto. At the same time, CPs are increasingly becoming the primary source of data for The search for definitions and methods of describing CPs is ongoing, with relevant literature proposing a broad range of forms of description [44, [58] [59] [60] . The most common of these are: verbal description, structured description (usually, in accordance with binding models and procedures); block diagram; tables; checklists; process diagrams; Gantt diagrams; 3D process maps, or the combination of all eight within one document [60, 62] .
Proposal of a Process-Based Approach to Describing Clinical Pathways
Process management has been faced with similar issues in the past. Going from written procedures and flowcharts, to drawing out entire detailed business processes in the form of a single diagram, has resulted in the end result being:
• Cumbersome (a size of even A0, i.e., 1 meter in width and height!); • Cluttered (a large number of small objects and a plethora of interconnections); • Too complex (includes a large amount of information, which is not pertinent to the specific patient).
These issues were solved by developing:
• Standard procedures dividing processes into hierarchical levels: maps, process models, and action charts with information, with the adequate level of detail and adequate scope of subject matter [61] ; • Standard goals and rules of dividing the entire process into sub-processes on specific levels, and a clear presentation of their interrelations [61] ; • Notation of description of processes, independent of the country in question, the geographical area, and the IT tool used to model processes (e.g., Business Process Model and Notation-BPMN) [42] .
The issues with describing CPs discussed in the previous sections result from the lack of consequence in using methodologies and process tools, when dealing with diagnostic and therapeutic processes, which CPs are. In order to avoid such issues, descriptions of CPs should be prepared with the use of principles, methodologies, and notations, commonly and successfully adapted in process management.
It is essential to adapt the modeling language to the specifics of a given field, as well as to the level and scope of competence of the recipients and users of the prepared models [63, 64] . For multiple uses (as in corporate architecture), separate description views and process models should be prepared with specific groups of users in mind, which should only contain crucial information and forms of description dedicated to a particular group, with a view to raising transparency and focus [65] . After all, process descriptions and models are not prepared for the modelers themselves, but rather, for a much broader group of recipients, who will use them in their daily work and volunteer improvements. In effect, it would be unwise to focus on the habits and views of a narrow group of 'process experts' in the selection of a notation for process description. Such an approach runs the risk of the repository of knowledge on processes becoming useless due to the illegible nature of the information contained therein, for the broader personnel in the organization [9] . For this reason, the intelligibility and legibility of descriptions of CPs is also a crucial value for the healthcare sector, because it has a direct impact on the effects of their use: on the effectiveness of therapy, and on the economic efficiency of health care units. The significance of this topic may be attested to by the results of a study held by the Centre for Policy on Ageing (CPA) [66] . In studies of various aspects of the use of CPs, on average, in 65% of cases, their positive influence on increasing the effectiveness of therapy and reducing the number of complications was apparent, whilst over 82% indicated their positive influence in terms of limiting the time of hospitalization and reducing costs. In the study held by Price Waterhouse Coopers [67] , almost 700 leaders from the healthcare sector from 27 countries from all over the world were asked about their opinions on the significance of the transparency of information on quality, and prices for the sustainable healthcare system. Almost half of the leaders in question answered that this aspect is "very important" [67] .
Materials and Methods
In order to verify the need for variability in the presentation of CPs in various phases of their implementation, and to define the forms of presentation of CPs required by physicians in each phase, an exploratory pilot survey in a large multi-specialization hospital in Poland was conducted as it allowed for gathering the opinions of physicians from many specializations, and thus, with many different points of view. Exploratory survey was chosen as the study is one of the first attempts to establish the CPs forms and factors determining the choice of clinical pathway presentation in HIS/EMR systems.
The St. Padre Pio Provincial Hospital in Przemyśl was chosen for its readiness to participate in the research, which engages a number of physicians for a relatively long period of time. The survey sample was informative and consisted of purposely selected heads of all hospital departments and the medical team of the pediatric ward (n = 28). The sample size is appropriate, as Isaac and Michael [68] and Hill [69] suggested 10 to 30 participants for a pilot survey research.
In order to establish the conceptual framework of the questionnaire handed to each study participant, the fundamental terms were defined: business process, diagnostic-therapeutic process, clinical pathway, etc. Furthermore, all of the forms of descriptions appearing in the questionnaire were defined, and graphical examples thereof were provided. Prior to the questionnaire, all of the groups were invited to a short meeting, which explained in detail the aim of the study, as well as all of the terms used in the study, in the context of the daily work of a medical doctor.
The questionnaire covered two sections. The first section focused on the preferred forms of description for CPs, during three phases: For each phase of the treatment process, eight possible forms of CP descriptions were proposed (verbal description, structured description, block diagram, table, checklist, process diagram, Gantt diagram, and 3D process map) [70] [71] [72] [73] .
The second section contains questions designed to get information about the key factors behind the choice of a particular form of description of CP, divided as before into three phases (diagnosis and planning, treatment, and ex-post evaluation).
In both instances, for each position representing key preferences or determinants selected by the doctors, for particular phases of the treatment process, the participants were allowed to select up to three possibilities from seven predefined ones:
• Clearer form of patient data, making it easier to make correct clinical decisions; • Possibility of evaluating the treatment on an ongoing basis; • Possibility of modifying planned ongoing actions on an ongoing basis; • Possibility of analyzing use resources and the degree of their productivity; • Limiting mistakes in treatment by monitoring;
• Possibility of easier comparative analysis with the use of anonymized data on the treatment of other patients; • Better control over the operations of the organization.
Respondents could assign one of the three values to each: 3, 2, or 1, respectively, where 3 meant the most preferred value, and 1 meant the least preferred of the three.
Results
Results of the study on the forms of descriptions of CPs preferred by physicians are presented in Table 2 . The numbers presented in the table constitute the arithmetic sum given to the given vote option.
As the study has demonstrated, most physicians prefer the preparation of an individual treatment plan (ITP) in the form of a checklist (19 votes from 42 votes cast, which gives more than 45%). At the same time, 50% of the respondents prefer a modification of the ITP in the form of a checklist, while fewer than 16% prefer the CP in the form of a process diagram. None of the physicians have indicated the possibility of preparing an ITP in the form of a Gantt diagram, and in the treatment phase, as few as 4% of the respondents, considered working with a form of description of a CPs in the form of a Gantt diagram (only in case of the analysis of the performed diagnostic-therapeutic process).
In the ex-post evaluation phase, most of the respondents (31%) selected the Gantt diagram and only 18% of the respondents opted for a process diagram. Surprisingly, 17% of physicians taking part in the study opted for the 3D process map-the form that was ignored in the first two phases. The verbal description is not considered as the form of presentation of CPs at this phase.
Regardless of the detailed relationship between preferences for individual forms of CPs presentation, the results of this part of the study clearly indicate the need for variability in the presentation of CPs, in various phases of their implementation. As presented in Table 2 , each phase or group of performed actions reveal the preference of 1-3 forms of presentation. The results should indicate for vendors of HIS and EMR the need to expand the systems and make this functionality available.
In the second part of the study, the physicians indicated which factors influenced the choice of their preferred form of CPs (Table 3 ). In the treatment planning phase, the main determinants are 'clearer form of patient data, making it easier to make correct clinical decisions' and 'possibility of evaluating the treatment on an ongoing basis'. Furthermore, the 'possibility of modifying planned and ongoing actions on an ongoing basis' is considered as an important factor. In the treatment phase the most important determinants are again 'possibility of evaluating the treatment on an ongoing basis' (30%), 'possibility of modifying planned and ongoing actions on an ongoing basis' (26%), and 'clearer form of patient data, making it easier to make correct clinical decisions' (21%). However, in the ex-post evaluation phase the key determinants are not only 'possibility of evaluating the treatment on an ongoing basis' (23%) and 'possibility of modifying planned and ongoing actions on an ongoing basis' (20%), but also 'possibility of analyzing used resources and the degree of their productivity' and 'limiting mistakes in treatment by monitoring'-16% each.
In all of the phases-planning, treatment, and ex-post evaluation of CPs-the main determinant (or one of the main determinants) of their choice was 'possibility of evaluating the treatment on an ongoing basis' (27%) and 'possibility of modifying planned and ongoing actions on an ongoing basis' (23%). 
Discussion
In conclusion, the assumption that the form of presentation of a business process should remain unchanged throughout the entire process of execution of phases is false. The results of the study clearly demonstrate the variability of the physicians' expectations toward the form of description of the diagnostic-therapeutic process (Table 4) . This is both a consequence of the different goals of using a process description in different phases, as well as from clearly different contexts in which process performers operate. In the initial diagnosis and treatment phase, physicians have no direct time constraints and have the opportunity to consult and modify treatment plans. That is why they prefer more general forms of CP presentations like checklists or structured descriptions allowing for the flexibility. However, in the patient treatment phase respondents experience strong time constrains and pressure of carried responsibility as the undertaken actions are often irreversible. Thus, in this phase, physicians more often opt for block diagrams and process diagrams, but still physicians prefer process descriptions in the form of a checklist, which facilitates the ongoing evaluation of treatment and communication as part of the therapy team thanks to its transparent, intuitive form of presenting information [35] . Checklists not only facilitate the making of correct clinical decisions, but also can be modified and easily developed with new tasks [74, 75] .
In the ex-post evaluation phase, physicians operate without time pressure as the patient is in stable condition. The key task is to identify the potential threats which could impact the patient's further treatment. Additional objective is also the evaluation of current knowledge and, if possible, the identification of new knowledge, which stems from the diagnostic-therapeutic process. The description of processes, supplemented with parameters defining the patient's health, enables physicians to make an in-depth evaluation of the performed actions and their results within the framework of the individual treatment process. For example, a 3D process map allows for the graphical comparative evaluation of a clinical pathway, an ongoing or completed treatment process for an individual patient, and multiple different treatments, data on which is stored in Evidence Based Medicine (EBM) databases [35] .
An important limitation of the research, resulting directly from its goals, is to focus only on the form and determinants of the CPs presentation omitting aspects related to the collection of data on the implemented diagnostic and therapeutic processes, and verification and updating of CPs based on the collected data. This is the natural direction of further CPs research as kiBPs, enabling the disclosure of tacit knowledge created in process execution.
Conclusions
The aim of the paper was to indicate the need for variability in the presentation of CPs in various phases of their implementation, and define the forms of presentation of CPs required by physicians in HIS/EMR systems, as well as the determinants of the selection of the chosen forms of description, in relation to the performed phases of therapy.
The results of the study have unambiguously supported the claim that physicians require the form of presentation of CPs to change, depending on the particular phase of the diagnostic-therapeutic process, as well as establishing the main determinants thereof.
According to the study's results, regardless of the phase of the CPs, the most important factors determining the choice of the form of description of a CP, preferred by the physicians, are:
• The possibility to analyze the treatment on an ongoing basis (27%); • The possibility to dynamically modify planned and ongoing actions (23%).
Together, both determinants comprise 50% of the preferences. Their correspondence with the third and the second principles of dynamic BPM, respectively, conclusively points to the need to dynamically manage CPs. At the same time, it points to the necessity of conducting further studies on CPs as diagnostic-therapeutic processes, whose results will be an important contribution to the theory and research on the practical implications of dynamic BPM.
Theoretical Contribution
The authors believe that the study makes a significant contribution to the existing literature. The results of the study are, to the authors' knowledge, the first that present in-depth analysis of the determinants of CPs description from the process management approach perspective. From the theoretical perspective, the paper presents forms of the CPs descriptions, and the possible process-centered approach application. The results of the study indicate that physicians generally require adapting the form of CPs to the phase of the executed diagnostic-therapeutic process and to enable the individualization of the form of CPs presentation, and thus the individualization of the form of presentation and data input during the therapy.
Practical Implication
The results of the study, the authors' own experiences with consulting projects, and similar experiences of other scholars (e.g., [28, 35, 75] ), demonstrate the belief that the method of presenting, as well as the modification of the description of dynamically managed business processes should change, according to:
1.
The level of description; 2.
The character of the processes (the field that is being modeled), and the group of recipients; but also 3.
The phases of the process execution.
Satisfying conditions 2 and 3 simultaneously is impossible without including in IT systems supporting business process execution (e.g., diagnostic-therapeutic processes execution), the possibility of flexibly re-defining, as well as creating different process views ad hoc, depending on user needs [8, 28, 29, 62, 75] . Elements available in a given process view and their degree of detail are, of course, dependent on the tasks that particular participants of the process face at a specific phases of the process and the opportunities arising from the available equipment and competence of the health care unit's staff. The available views should be tailored to the individual habits, needs, and limitations of the users, stemming from-e.g., their performed tasks. At the same time, the scope of possibilities resulting from the available equipment and the competences of the staff should be defined using generally accepted, well-known, and clear terminology enabling the flow of information within the health care unit and between health care units, e.g., SNOMED-CT. This will enable rapid updating and extensive communication of knowledge contained in CPs through:
• Updating the medical knowledge contained in them based on the latest achievements of medicine, passing from Clinical Guidelines for Individual Treatment Plan (ITP) [12] ; • Updating information on medical procedures that can be implemented within the health care unit, based on the common ontology underlying the CPs; • Accumulation of knowledge on the basis of implemented or completed diagnostic and therapeutic processes thanks to the use of process mining techniques and the collection of data on clinical decisions taken and their impact on the course and results of therapy.
Limitations with Future Research Directions
Having said that, it must be highlighted that the research results have certain limitations, as this is only a pilot study, and the sample is small and refers only to one Polish hospital. Second, the diversification of the diagnostic and therapeutic processes is also problematic for the assessment of the determinants of the form of description of CPs. Third, as we are drawing from ad hoc research, we present a snapshot of the physicians' preferences, and the analysis does not reveal changes in those preferences over time, due to technological changes, the skills of new generations of physicians, etc.
The natural direction for further research would be as follows:
1. Analysis of preferences of users of CP presentation form conducted on a wide group of their users (doctors, nurses and other medical personnel); 2.
The identification of determinants for the description and presentation of CPs in different phases of their execution, on stationary and mobile devices; 3.
Development of a standard CPs integration format with ontologies describing resources and possible medical procedures, as well as knowledge bases or Evidence Based Medicine (EBM); 4.
The preparation of guidelines, with respect to the user interface for creators of HIS/EMR systems, as well as, more generally, creators of IT systems supporting dynamic BPM; 5.
Development and practical verification of the methodology and tools for gathering knowledge based on the implemented CPs and its use for ongoing support of the doctor's work in the field of clinical decision-making.
In future research, it would be also interesting to analyze the determinants of the forms of descriptions of CPs, focused on updating critical success factors (CSF), and their use, not just within the healthcare unit, but also, in accordance with the first principle of dynamic BPM, first and foremost, within a holistic view of patient treatment, within a broadly understood healthcare eco-system. 
